ABSTRACT Isolates of Campylobacter jejuni shipped internationally often arrive in a noncultivable state. We describe a PCR-based methodology whereby phylogenetic information can be recovered from noncultivable C. jejuni stored in Wang's transport medium. The robustness of this methodology was initially tested using 5 previously characterized strains of C. jejuni isolated from various sources associated with poultry production. These isolates were stored in Wang's transport medium before being subjected to 1 of 5 treatments designed to render the stored cells noncultivable: prolonged storage at room temperature, prolonged incubation at 42°C, multiple rounds of freezing and thawing, boiling, or contami-
INTRODUCTION
Campylobacter is the most frequent cause of bacterial food poisoning in developed countries, and poultry is 2005 Poultry Science Association, Inc. Received for publication November 30, 2004 . Accepted for publication June 30, 2005. 1 To whom correspondence should be addressed: kcallicott@saa. ars.usda.gov. 1530 nation with Pseudomonas aeruginosa (ATCC 27853). This method resulted in DNA appropriate for PCR. An approximately 400-nucleotide amplicon from the flaA gene and an approximately 800-nucleotide amplicon from 16S rDNA were readily obtained, and a 1.5-kb section of the flaA locus was amplified from about half of the samples. These results indicate that this method may be useful for isolate typing schemes based on PCR amplification of Campylobacter DNA, including flaA short variable region (flaA SVR) sequencing, multilocus sequence typing (MLST), and flaA PCR-RFLP. By using this method, isolates unrecoverable from transport medium can still be used to provide phylogenetic information for epidemiological studies.
one of the main sources for Campylobacter infection in human illness (Friedman et al., 2000) . As such, the medical and poultry production communities have an interest in the epidemiology of this genus of bacteria. Yet, to study globally distributed organisms such as Campylobacter spp., isolates must often be shipped internationally. Unfortunately, even isolates stored in transport medium (Wang et al., 1980 ) sometimes arrive at their destination in a noncultivable state due to the stresses of travel or to prolonged delays in delivery. We describe a simple method of DNA preparation from noncultivable isolates stored in Wang's transport medium.
MATERIALS AND METHODS

Inoculation and Growth Conditions
Enriched Brucella 3 transport medium (Wang's transport medium) was prepared according to the recipe in Wang et al. (1980) , with the exception that lysed horse blood 4 was used in place of defibrinated sheep blood. Five Campylobacter jejuni isolates (AL02, AL50, AL56, AL62, and ALP46) were chosen from among isolates described in Hiett et al. (2002) . For each isolate, 10 tubes of Wang's transport medium were inoculated using a 10-L loop from a 48 h at 42°C lawn (in excess of 10 8 cells) and incubated for 24 h at 42°C. The presence of cultivable Campylobacter was verified in each tube by streaking onto Campy-Cefex plates (Stern et al., 1992) . Each tube was then subject to 1 of 5 treatments designed to render the C. jejuni compromised or noncultivable.
In the first treatment (group A), the inoculated tubes were held at room temperature in a Saf-T-Pak box 5 in the laboratory. Every 2 wk, the cultures were streaked onto Campy-Cefex plates to verify the presence or absence of cultivable Campylobacter jejuni. Approximately 4 mo were required for all tubes to test as noncultivable. After all tubes were found to be noncultivable, DNA was extracted using the protocol below.
In the second treatment (group B), the tubes were held at −20°C for approximately 48 h, thawed, and then checked for cultivable Campylobacter by streaking onto Campy-Cefex plates. Tubes were refrozen when Campylobacter colonies were observed on the plates. This freezethaw cycle was repeated every 3 d until no Campylobacter colonies were observed after streaking. This required 3 freeze-thaw cycles, after which the tubes were frozen until DNA was extracted.
In the third treatment (group C), inoculated tubes were boiled for 15 min at 100°C. The lack of cultivable Campylobacter was verified by streaking onto Campy-Cefex plates. The tubes were then held at 4°C until DNA was extracted.
In the fourth treatment (group D), the inoculated tubes were held at a constant 42°C. Every 2 wk, the tubes were checked for cultivable Campylobacter by streaking onto Campy-Cefex plates. After about 4 mo, none of the 10 tubes remained cultivable. DNA was then extracted from the Wang's medium.
In the last treatment (group E), C. jejuni inoculated tubes were contaminated by adding a 10-L loop from a 24 h at 37°C lawn (in excess of 10 9 cells) of Pseudomonas aeruginosa ATCC 27853 6 to the transport tubes. After incubation at 42°C for 1 d, a loop of Wang's transport medium from each tube was streaked onto a Campy-Cefex plate to verify the presence of Campylobacter and Pseudomonas colonies. These tubes were then held at 4°C until DNA was extracted from all 50 tubes in this experiment.
DNA Isolation
With a sterile micropipette tip, 40 L of inoculated Wang's transport medium was drawn up, taking care to avoid air bubbles and agar clumps. This aliquot was added to 200 L of sterile, distilled water in a 0.5-mL microfuge tube. The microfuge tube was tightly capped and boiled at 100°C for 5 min. The tube was cooled on ice, spun briefly at high speed in a microcentrifuge to precipitate cellular fragments, and stored at −20°C for later analysis. 
PCR Amplification
The flaA SVR was amplified using 0.125 M of the primers FLA242FU (5′-CTATGGATGAGCAATT-WAAAAT-3′) and FLA625RU (5′-CAAGWCCTGTTCC-WACTGAAG-3′; Meinersmann et al., 1997) 7 These conditions have been slightly modified from those described in Meinersmann et al. (1997) , as we have found that the above conditions more reliably amplify from a greater variety of C. jejuni isolates (data not shown). The reactions were subjected to 36 cycles of 94°C for 45 s, 50°C for 45 s, and 72°C for 1 min, followed by a 5-min extension at 72°C.
Amplification of a 0.8-kb section of 16S ribosomal RNA used 0.125 M of the primers 8FPL (5′-AGTTTGATCCT-GGCTCAG-3′) and 806R (5′-GGACTACCAGGGTATC-TAAT-3′; Relman, 1993) in 100-L reactions containing 10 L of DNA, 1× PCR Buffer II, 3.0 mM MgCl 2 , 0.8 mM of each dNTP, and 2.5 U of AmpliTaq DNA Polymerase. After the reagents were added to the reaction tube but before the DNA was added, the reaction tubes were exposed to ultraviolet irradiation for 1 min to control for any potential contamination. The reactions were subjected to 40 cycles of 94°C for 45 s, 50°C for 45 s, and 72°C for 1 min, followed by a 5-min extension at 72°C.
The amplification of a 1.5-kb section of the flaA gene used 0.125 M of the primers FLA242FU and FLA1728R (5′-CTGTAGTAATCTTAAAACATTTTG-3′; Nachamkin et al., 1993) in 50-L reactions containing 10 L of DNA, 1× PCR Buffer II, 3.0 mM MgCl 2 , 0.8 mM of each dNTP, and 1.25 U of AmpliTaq DNA Polymerase. The reactions were subjected to 94°C for 1 min followed by 35 cycles of 92°C for 30 s, 50°C for 1 min, and 72°C for 2.5 min. This was followed by a final extension at 72°C for 5 min.
RESULTS AND DISCUSSION
The PCR amplification of DNA samples prepared from transport medium was generally successful using 3 sets of primers (Table 1 ). The strongest result came from amplification of a portion of the 16S ribosomal DNA (rDNA), where 84% of the samples amplified. When the flaA SVR primers were used, 66% of the samples amplified. Although the 16S PCR produces a larger amplicon than the flaA SVR, there are 3 copies of the ribosomal genes on the Campylobacter jejuni chromosome (Parkhill et al., 2000) . This may make it less sensitive to shearing of the template DNA. Finally, 58% of the samples could be amplified with the primers for the larger segment of the flaA gene, although only 17 samples (34%) showed strong amplification (data not shown).
Because of the inhibitory nature of blood samples (Abu al-Soud and Rådströ m, 2001) , reaction conditions may need to be optimized. The reamplification of a particular DNA preparation will sometimes yield a fragment in cases when some of the protein and cellular debris have been aspirated with the DNA. When that fails, a second preparation of DNA from isolates that do not amplify sometimes proves fruitful. The transport medium is not a homogeneous solution, and sometimes clumps of agar can decrease the actual amount of transport medium used for DNA preparation. Of the 16 DNA preparations that did not initially amplify using flaA SVR primers, 5 samples amplified when we tried the PCR a second time on the same DNA preparations. When we prepared fresh DNA from the samples that still did not work, an additional 3 amplified, bringing the total to 42 amplicons from 50 samples.
During the course of a large Campylobacter epidemiology study in Iceland, we received 10,211 isolates, and 4,897 isolates arrived in an unrecoverable state due to shipping mishaps. To date we have attempted to amplify flaA SVR from 679 samples, and we have been able to successfully amplify and sequence 674 samples from the first or second DNA preparation.
Although it would be far preferable to receive viable cells to study, delays in delivery, lost packages, and customs hold-ups can render the most carefully prepared isolates unusable. In this situation, the above protocol provides a simple means for generating genetic marker information from samples of Campylobacter that are no longer recoverable. Due to the lower quality of the DNA, this is not appropriate for genetic markers that depend on unsheared DNA, such as pulse field gel electrophoresis, amplified fragment length polymorphisms, or large PCR targets. However, this protocol provides a simple method for producing DNA appropriate for shorter PCR targets and preserves epidemiologically important genetic information in an inexpensive manner. Although we have not tested this method in other transport media, such as CaryBlair (Cary and Blair, 1964) , we foresee no inherent reasons why it could not also be used in those situations.
